Background {#Sec1}
==========

Canine inflammatory bowel disease (IBD) is a group of chronic or recurrent gastrointestinal (GI) disorders with histopathologic evidence of inflammation in intestinal and/or colonic tissue. The exact pathogenesis of these disorders is still unknown; however, genetic factors, intestinal microbiota, environmental factors and deregulated host immune response may contribute to the pathogenesis of the disease \[[@CR1]\]. The prevalence of IBD is unknown, but it is the most common histopathologic diagnosis of dogs with chronic vomiting and/or diarrhea. The term IBD should be used if no underlying cause for the inflammation can be documented \[[@CR2]\]. Histopathologic confirmation of intestinal inflammation is the gold standard of diagnosis. The establishment of non-invasive biomarkers would help diagnosis, prognosis and disease-monitoring.

According to Bartel (2009), microRNAs (miRs) are small (≈22 nucleotides in length), non-coding RNA molecules with post-transcriptional gene regulatory function via translational repression or messenger (m)RNA degradation \[[@CR3]\]. miRs are highly conserved even among distantly related species and are involved in the regulation of many biological processes such as the cell life cycle \[[@CR4]--[@CR6]\]. miRs have a complementary binding site on numerous mRNAs and each gene can be regulated by many miRs \[[@CR3], [@CR4], [@CR7]\]. In humans, many studies indicate several miRs as regulators of important pathways of the immune response and immune cell development, which are crucial to the pathogenesis of a variety of diseases, including IBD \[[@CR8], [@CR9]\]. In addition, miRs are released extracellularly by immune and non-immune cells. Circulating miRs were firstly identified in serum and plasma samples and later in other body fluids (saliva, urine and semen) \[[@CR10]--[@CR14]\]. miRs are remarkably stable in rough conditions (low or high pH, extended storage conditions, boiling, and several freeze-thaw cycles) and are early dysregulated during the course of a broad spectrum of diseases ranging from neoplastic to inflammatory \[[@CR10], [@CR11], [@CR15]--[@CR19]\]. Their expression levels can be easily measured by quantitative polymerase chain reaction (PCR), which has high-precision signal amplification, allowing measurement of very low amounts of miRs in small volumes of body fluids. Furthermore, the expression of some miRs is specific to tissues, and type and/or stage of the disease \[[@CR20]--[@CR25]\].

At present, in small animal medicine, little is known about miRs expression in health and disease, including canine IBD. Regarding other canine digestive system diseases some studies have evaluated miRs expression, especially miR-122, and its dysregulation in hepatobiliary diseases \[[@CR26], [@CR27]\]. In human IBD, more than 100 miRs have shown altered expression in GI mucosa and/or peripheral blood and serum (circulating miRs) \[[@CR28]--[@CR31]\], with the latter being a promising non-invasive biomarker for the disease. The aim of the present study was to determine the colonic mucosal and serum relative expression of a selected panel of miRs (miR-16, miR-21, miR-122, miR-146a, miR-147, miR-185, miR-192 and miR-223), as well as to evaluate their correlation in dogs with the degree of histopathological inflammation compared to healthy controls. The miRs selection for this study was based on a combination of their role in the intestinal inflammation in humans and the relevant findings of studies on canine IBD pathogenesis regarding changes in the mucosal immune system \[[@CR1], [@CR8], [@CR25], [@CR28], [@CR32]--[@CR36]\]. Possible correlations of clinical disease activity, endoscopic grading and histopathologic scoring with miRs relative expression in colonic mucosa and serum in dogs with large intestinal IBD were also investigated.

Results {#Sec2}
=======

Characteristics of dogs with large intestinal IBD and healthy control dogs {#Sec3}
--------------------------------------------------------------------------

Epidemiological data, canine chronic enteropathy clinical activity index (CCECAI) score and quantitative colonoscopy score of 26 dogs with large intestinal IBD of the study are presented in Table [1](#Tab1){ref-type="table"}. Median age of the dogs was 7 years (range = 1--15 years). Most of the dogs (7/26) with large intestinal IBD were mongrels. Body weight ranged from 1.72 to 36.5 kg (median = 23 kg). Median CCECAI score of dogs with IBD was 7 (range = 4--11). All dogs with large intestinal IBD included in this study had clinical signs of large bowel diarrhea, with mucus and fresh blood in the feces as well as tenesmus. Most dogs with large intestinal IBD had moderate CCECAI score (10/26, range = 6--8), 9/26 had mild (range = 4--5) and 7/26 had severe (range = 9--11). Median quantitative endoscopy score of dogs with IBD was 4 (range = 1--6). All dogs with large intestinal IBD had evidence of primarily lymphoplasmacytic inflammation (Table [2](#Tab2){ref-type="table"}). Table 1Epidemiological data, canine chronic enteropathy clinical activity index (CCECAI) score and quantitative endoscopy score of 26 dogs with large intestinal inflammatory bowel disease (IBD)Case No.BreedSexBody weight (kg)Age (years)CCECAI scoreQuantitative colonoscopy scoreIBD1MongrelM7.62.573IBD2ChihuahuaM1.723115IBD3PitbullF241.253IBD4ChihuahuaFs2.5686IBD5Mini PinscherM7.59.584IBD6MongrelM85.574IBD7MongrelFs251252IBD8Mini PinscherM1.857104IBD9Labrador retrieverFs21.21.594IBD10WHWTM8356IBD11MongrelFs25.3674IBD12MongrelM27.9465IBD13MongrelF7.152.572IBD14MalteseM1.951194IBD15PitbullM25.51344IBD16MongrelM9.5842IBD17PugFs7.9512.574IBD18PitbullM26.83.561IBD19WHWTM8.51142IBD20MongrelFs23753IBD21Yorkshire TerrierM3.48.574IBD22MalteseFs4.257103IBD23GSDMn36.51.553IBD24MongrelFs22.1641IBD25Yorkshire TerrierFs4.115115IBD26Bichon FriseFs7.112102*M* male, *Mn* male neutered, *F* female, *Fs* female spayed, *WHWT* West Highland White Terrier, *GSD* German Shepherd dogTable 2Histopathologic scores of 26 dogs with large intestinal inflammatory bowel disease (IBD)CaseSurface epithelial injuryCrypt hyperplasiaCrypt dilation and distortionFibrosis and atrophyLamina propria lymphocytes/plasma cellsLamina propria neutrophilsLamina propria eosinophilsLamina propria macrophagesIBD113023100IBD212022001IBD311111000IBD402111011IBD502221001IBD611012101IBD711012000IBD823323101IBD911111101IBD1022222101IBD1102201100IBD1212112001IBD1322122101IBD1413222000IBD1502112000IBD1612201000IBD1712101001IBD1812211001IBD1912212001IBD2011102000IBD2112211000IBD2212112011IBD2312212000IBD2412211001IBD2501232101IBD2612022100

Table [3](#Tab3){ref-type="table"} shows the epidemiological data of controls. Their median age was 3 years (range = 2--7 years). Most of them (9/16) were mongrels. Body weight ranged from 5 to 40 kg (median = 27.5 kg). Table 3Epidemiological data of 16 healthy dogs (C)Control No.BreedSexAge (years)Body weight (kg)C1Golden RetrieverM735C2MongrelM232C3MongrelM226C4MongrelM229C5MongrelFs224C6BoxerM321C7PekingeseFs78C8MongrelFs526C9MongrelFs328C10GSDFs427C11Greek ShepherdM240C12MongrelFs75C13Belgian ShepherdF720C14LabradorFs430C15MongrelM2.528C16MongrelM2.531*M* male, *F* female, *Fs* female spayed, *GSD* German Shepherd dog

Relative expression of microRNAs in the colonic mucosa and serum of dogs with large intestinal IBD and healthy dogs {#Sec4}
-------------------------------------------------------------------------------------------------------------------

In all dogs with large intestinal IBD, colonic mucosal miRs expression analysis was assessed, while serum miRs expression analysis was available for a majority of the dogs with large intestinal IBD (21/26). Nine of 16 control dogs underwent colonoscopy in order to access colonic mucosal miRs expression, with serum miR expression analysis being performed in 14/16 dogs.

Compared to healthy controls, there was a significantly increased relative expression of the following miRs in the colonic mucosa of dogs with large intestinal IBD: miR-16 (*p* \< 0.0005), miR-21 (*p* = 0.042), miR-122 (*p* = 0.009) and miR-147 (*p* \< 0.0005), as well as a significantly decreased relative expression of miR-185 (*p* \< 0.0005), miR-192 (*p* \< 0.0005) and miR-223 (*p* \< 0.0005). miR-146a relative expression in the colonic mucosa didn't show a statistically significant difference between dogs with large intestinal IBD and healthy controls in the colonic mucosa (*p* = 0.725) (Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Relative expression of miR-16 (**a**), miR-21 (**b**), miR-122 (**c**), miR-146a (**d**), miR-147 (**e**), miR-185 (**f**), miR-192 (**g**) and miR-223 (**h**) in the colonic mucosa of healthy dogs (Controls) (*n* = 9) and dogs with large intestinal inflammatory bowel disease (IBD) (*n* = 26). Data is presented as median with 25th and 75th quartiles in each box plot. The whiskers indicate the highest and lowest data within 1.5 times the lengths of the quartiles. Statistical significance was defined as *p* \< 0.05. AU = arbitrary units (which represent the expression of each miR normalized toU6sn RNA internal control), miR = microRNA

Compared to healthy controls, there was a statistically significant increased relative expression of the following miRs in the serum of dogs with large intestinal IBD: miR-16 (*p* \< 0.0005), miR-21 (*p* = 0.009), miR-122 (*p* = 0.012), miR146a (*p* = 0.016) and miR-147 (*p* \< 0.0005), as well as a significantly decreased relative expression of miR-185 (*p* \< 0.0005), miR-192 (*p* \< 0.0005) and miR-223 (*p* \< 0.0005) (Fig. [2](#Fig2){ref-type="fig"}). Fig. 2Relative expression of miR-16 (**a**), miR-21 (**b**), miR-122 (**c**), miR-146a (**d**), miR-147 (**e**), miR-185 (**f**), miR-192 (**g**) and miR-223 (**h**) in the serum of healthy dogs (Controls) (*n* = 14) and dogs with large intestinal inflammatory bowel disease (IBD) (*n* = 21). Data is presented as median with 25th and 75th quartiles in each box plot. The whiskers indicate the highest and lowest data within 1.5 times the lengths of the quartiles. Statistical significance was defined as *p* \< 0.05. AU = arbitrary units (which represent the expression of each miR normalized toU6sn RNA internal control), miR = microRNA

Relationship between miRs relative expression, canine chronic enteropathy clinical activity index, colonoscopy score and histopathologic score of dogs with large intestinal IBD {#Sec5}
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

There was a moderate, statistically significant negative correlation of serum miR-192 (*r* (21) = − 0.466, *p* = 0.033) (Fig. [3](#Fig3){ref-type="fig"} and Additional file [1](#MOESM1){ref-type="media"}: Table S1) and of colonic mucosal miR-185 (*r*(26) = − 0.559, *p* = 0.008) (Fig. [3](#Fig3){ref-type="fig"}) relative expression with the CCECAI score in dogs with large intestinal IBD. In addition, there was a moderate, statistically significant negative correlation of serum miR-223 relative expression with colonoscopy score (*r*(21) = − 0.491, *p* = 0.024) (Fig. [4](#Fig4){ref-type="fig"} and Additional file [1](#MOESM1){ref-type="media"}: Table S1). Analysis of the relationship between colonic mucosal (*n* = 26) and serum (*n* = 21) miRs relative expression and histopathologic score (Table [2](#Tab2){ref-type="table"}) of dogs with large intestinal IBD revealed that there was a strong, statistically significant positive correlation of colonic mucosal miR-122 relative expression with surface epithelial injury (a subscore of the WSAVA index) (*r*(26) = 0.789, *p* = 0.0005) and a moderate, statistically significant negative correlation of colonic mucosal miR-185 expression with mucosal fibrosis and atrophy (other subscores of the WSAVA index) (*r*(26) = − 0.436, *p* = 0.048) (Fig. [5](#Fig5){ref-type="fig"} and Additional file [1](#MOESM1){ref-type="media"}: Table S1). Fig. 3Scatter plots of the relative expression of miR-192 in the serum (*n* = 21) (**a**) and miR-185 in the colonic mucosa (*n* = 26) (**b**), and CCECAI score of dogs with large intestinal inflammatory bowel disease (IBD) as determined by Spearman's rank correlation. Statistical significance was defined as *p* \< 0.05. AU = arbitrary units (which represent the expression of each miR normalized to U6sn RNA internal control), CCECAI = canine chronic enteropathy clinical activity index, miR = microRNA, *r* = Spearman's rank correlation coefficientFig. 4Scatter plot of the relative expression of miR-223 in the serum and colonoscopy score of dogs with large intestinal inflammatory bowel disease (IBD) (*n* = 26) as determined by Spearman's rank correlation. Statistical significance was defined as *p* \< 0.05. AU = arbitrary units (which represent the expression of each miR normalized to U6sn RNA internal control), CCECAI = canine chronic enteropathy clinical activity index, miR = microRNA, *r* = Spearman's rank correlation coefficientFig. 5Scatter plots of the relative expression of miR-122 in the colonic mucosa and colonic mucosal epithelial injury score (**a**), and miR-185 in the colonic mucosa and colonic mucosal fibrosis and atrophy score (**b**) of dogs with large intestinal inflammatory bowel disease (IBD) (*n* = 26), as determined by Spearman's rank correlation. Statistical significance was defined as *p* \< 0.05. AU = arbitrary units (which represent the expression of each miR normalized toU6sn RNA internal control), miR = microRNA, *r* = Spearman's rank correlation coefficient

Relationship between miRs relative expression in the colonic mucosa and serum of dogs with large intestinal IBD {#Sec6}
---------------------------------------------------------------------------------------------------------------

There was a weak, statistically significant negative correlation of colonic mucosal with serum miR-146a relative expression (*r*(21) = − 0.104, *p* = 0.047) in dogs with large intestinal IBD (Fig. [6](#Fig6){ref-type="fig"} and Additional file [2](#MOESM2){ref-type="media"}: Table S2). Fig. 6Scatter plots of the relative expression of miR-146a in the colonic mucosa and serum of dogs with large intestinal inflammatory bowel disease (IBD) (*n* = 21) as determined by Spearman's rank correlation. Statistical significance was defined as *p* \< 0.05. AU = arbitrary units (which represent the expression of each miR normalized to U6sn RNA internal control), miR = microRNA, *r* = Spearman's rank correlation coefficient

Discussion {#Sec7}
==========

This study evaluated the expression of miR-16, miR-21, miR-122, miR-146a, miR-147, miR-185, miR-192 and miR-223 in the colonic mucosa and serum of dogs with large intestinal IBD compared to healthy controls. It is believed that IBD is the result of the interaction between a dysregulated immune response to luminal (intestinal flora) and/or environmental factors in genetically susceptible individuals. In spite of extensive investigation in animals and humans, the pathogenesis of IBD remains unknown. Evaluation of miRs could offer a potential link between genetic susceptibility, environmental and immunological factors involved in the pathogenesis of IBD and may serve as clinically useful biomarkers for diagnosis and treatment. To our knowledge, this is the first study that has explored changes of miRs expression in canine IBD.

We found a significantly increased relative expression of miR-16, miR-21, miR-122 and miR-147 and a significantly decreased relative expression of miR-185, miR-192 and miR-223 in the colonic mucosa of dogs with IBD compared to healthy controls.

The primary function of miR-16 is to regulate the production of inflammatory mediators and immunity through co-operation with other miRs, targeting to tumor necrosis factor- alpha (TNF-α) \[[@CR37]\]. It is involved in the induction of apoptosis by targeting B-cell leukemia-lymphoma 2 (Bcl-2). In humans, miR-16 expression is inversely correlated to Bcl-2 expression in chronic lymphocytic leukemia and negatively regulate Bcl-2 at a posttranscriptional level \[[@CR38]\]. This finding agrees with two studies that evaluated apoptosis in canine IBD, where the expression of Bcl-2 was greater in the duodenum and colon of healthy control dogs versus dogs with IBD and greater numbers of Bcl-2 cells were found in the colon of healthy control dogs compared to dogs with IBD. It is therefore possible that this could be the reason for the miR-16 increase in the colonic mucosa that was detected in our study \[[@CR39], [@CR40]\].

In mice, miR-21 could be involved in the pathogenesis of IBD through at least 3 different mechanisms targeting epithelial barrier function, apoptosis and fibrosis \[[@CR41]\]. Intestinal permeability was greater in wild type compared to miR-21 knockout strain mice with experimental dextran sulfate sodium (DSS) colitis, while knockout mice had also less intestinal epithelial cell apoptosis \[[@CR42]\]. Furthermore, mimics of mature miR-21 (synthetic analog of miR-21) transfection resulted in loss of tight junction proteins and increased barrier permeability in an ex vivo colon epithelial cell model \[[@CR43]\]. miR-21 has been associated with fibrosis, especially in multiple disease disorders, such as renal fibrosis and cirrhosis \[[@CR44], [@CR45]\]. However, miR-21 expression has not been clearly associated with fibrosis in human IBD, a finding that is in agreement with the results of the present study.

miR-122, which is mainly found in the liver, accounts for approximately 70% of all liver miRs, regulates the expression of genes that control cell life cycle \[[@CR46]--[@CR48]\], and is considered to be a specific miR for canine hepatobiliary diseases \[[@CR26], [@CR27]\]. Recent studies have investigated the miR-122 expression in human IBD, including pediatric IBD, and tried to clarify its role in the pathogenesis of disease \[[@CR49]--[@CR52]\]. Chen et al. (2013) \[[@CR51]\] found that miR-122 targets nucleotide-binding oligomerization domain-2 (NOD2), increasing the anti- inflammatory (IL-4 and IL-10) and decreasing pro-inflammatory cytokines, TNF-α and Interferon-γ (IFN-γ), in Crohn's disease (CD). In another study investigating pediatric CD, there was no difference in the expression of miR-122 in the inflamed mucosa compared to healthy duodenal mucosa of children \[[@CR50]\]; however, increased expression of miR-122 was found in the macroscopically normal colonic mucosa of children with CD compared to healthy controls indicating that it may be a marker of reduced intestinal epithelial cell injury \[[@CR49]\]. The overexpression of miR-122 in the colonic mucosa of our dogs with IBD, compared to healthy dogs, along with the strongly positive correlation of miR-122 relative expression in the colonic mucosa with the score of epithelial cell injury in the colon, may be attributed to differences in disease pathogenesis, type of infiltrating cells, as well as disease severity and prognosis between canine IBD and pediatric CD.

miR-146a influences numerous biological functions that play important roles in immune-mediated diseases (inflammatory response, intracellular signaling cascades, regulation of cytokine production, and response to bacteria) \[[@CR53]--[@CR56]\]. miR-146a is involved in innate immunity by regulating the acute inflammatory response after pathogen recognition by toll-like receptors (TLR), by downregulating the expression of TNF receptor-associated factor 6 and interleukin-1 receptor-associated kinase 1 \[[@CR57]\]. miR-146a controls the adaptive immune response by influencing regulatory T cells (Tregs), thereby controlling T helper 1 cell (Th1) responses \[[@CR58], [@CR59]\]. In the intestine miR-146a is involved in regulating the expansion of certain intestinal T cell subtypes: T helper 17 cells (Th17), Tregs, and T follicular helper cells (Tfh) \[[@CR60]\]. miR-146a also has a role in protecting the barrier function, as its deficiency was accompanied with a more resistant phenotype during experimental murine colitis \[[@CR60]\]. Several studies have found increased expression of miR-146a in adults and children with CD and ulcerative colitis (UC), in both macroscopically inflamed and intact mucosa \[[@CR49], [@CR50], [@CR61]--[@CR64]\].

Colon and ileum of healthy dogs are the primary tissues of miR-147 expression \[[@CR25]\]. miR-147 expression has not been studied in human IBD or murine models of the disease. Liu et al. \[[@CR65]\] found that miR-147 is associated with inflammation, as it acts as a negative regulator of TLR-induced signaling in murine macrophages. miR-147 had a decreasing effect on inflammatory cytokine expression, while silencing of miR-147 increased the expression of inflammatory cytokines in macrophages stimulated with ligands of TLR2, TLR3 and TLR4. Increased duodenal and colonic mucosal expression of TLR2, TLR4 and TLR9 and downregulated expression of TLR5 has been reported in dogs with IBD, but without correlation with either histologic severity of inflammation or response to treatment \[[@CR66]--[@CR68]\]. Taking into account all this information, authors suggest that miR-147 could be implicated in canine IBD pathogenesis, especially when the large intestine is involved.

Currently there is little evidence for the role of miR-185 in human IBD. miR-185 is generally regarded as a regulator involved in the biological processes of neoplastic cells and neurological disorders \[[@CR69]--[@CR74]\]. miR-185 expression investigation was selected because there are data supporting its usefulness as a CD specific diagnostic marker, both in adults and children \[[@CR62], [@CR75]\]. In contrast to human studies, we found decreased relative expression in the colonic mucosa of dogs with IBD compared to healthy controls. Furthermore, we found a negative correlation of miR-185 relative expression in the colonic mucosa of dogs with IBD with CCECAI score and scores of mucosal fibrosis and atrophy. Expression change of miR-185 in human (increased) and canine (decreased) IBD suggest that it is involved in disease pathogenesis, however its exact role and mechanism of gene regulation remain to be elucidated with further studies.

miR-192 is predominantly expressed in the colonic epithelial cells in humans and shows reduced levels in active UC \[[@CR76]\]. miR-192 is regulating colonic mucosal chemokine expression. Epithelial miR-192 directly regulates the expression of macrophage inflammatory peptide-2 alpha (MIP-2α), while the induction of MIP-2α simultaneously decreases miR-192 expression \[[@CR76]\]. Moreover, miR-192 significantly alters NOD2 mRNA and protein expression, and miR-192 mimic significantly reduced nuclear factor- kB (NF-kB) phosphorylation and expression of C-X-C motif ligand 8 (CXCL8/IL-8) and C-X-C motif ligand 3 (CXCL3) \[[@CR77]\]. Maeda et al. \[[@CR78]\] reported the up-regulation of CXCL8/IL-8 in the duodenal mucosa in canine IBD. These results may suggest that miR-192 is a key miR in the pathogenesis of IBD and regulation of intestinal epithelial cell innate immune response, and perhaps this is the reason of its reduced relative expression in the colonic mucosa of our dogs with large intestinal IBD.

miR-223 modulates innate and adaptive immune mechanisms by regulating families of immune-related target mRNAs in multiple inflammatory and autoimmune processes in humans, including IBD \[[@CR23], [@CR79]--[@CR81]\]. Its expression has been extensively studied in humans with IBD. Increased expression of miR-223 in the mucosa, serum and feces has been consistently found in CD and UC patients, including pediatric patients \[[@CR31], [@CR62], [@CR82], [@CR83]\]. miR-223 is highly expressed in neutrophilic granulocytes \[[@CR84]\]. Contrary to human studies, we found decreased expression of miR-223 in dogs with large intestinal IBD compared to healthy controls perhaps due to the different predominating cell population in human and canine IBD.

miRs characteristics, support their measurement in circulation as potential, non-invasive and sensitive biomarkers for the diagnosis and determination of progression of the disease. We found a significantly increased relative expression of miR-16, miR-21, miR-122, miR-146a and miR-147 and a significantly decreased relative expression of miR-185, miR-192 and miR-223 in the serum of dogs with large intestinal IBD compared to healthy controls. Their relative expression profiles were similar to those in the colonic mucosa, except of miR-146a which showed a negative but weak correlation, with no clinical correlation. However, we did not find a significant correlation between their expression in the colonic mucosa and serum. On the other hand, in human IBD various studies have compared miRs expression profiles between tissue and blood and it was concluded that they do not necessarily parallel expression in different sites \[[@CR24], [@CR30], [@CR31], [@CR62], [@CR64], [@CR85]\]. Two different studies found increased expression of miR-19a in both colonic mucosa and serum of CD patients \[[@CR30], [@CR62]\]. Moreover the expression of miR-29a, miR-106a, miR-126, miR-191, and miR-200c in blood samples of CD patients and the expression of miR-21 and miR-155 in blood samples of UC patients reflected the expression of correlated diseased tissues \[[@CR28], [@CR30], [@CR31], [@CR62], [@CR76]\]. On the other hand, miR-188-5p was found to be downregulated in colon tissue of active and inactive UC patients \[[@CR62]\], inversely of the upregulation observed in platelets of inactive UC patients \[[@CR85]\]. In addition, miR-19b was found downregulated in sigmoid colon mucosa samples of CD patients, while in separate study in serum from 46 pediatric CD patients showed increased expression \[[@CR30], [@CR31]\].

We found a statistically significant moderately negative correlation of serum miR-192 relative expression with CCECAI score of dogs with large intestinal IBD. In addition, we found a statistically significant moderately negative correlation of serum miR-223 relative expression with endoscopic score. Recent studies have evaluated the association between the endoscopic examination score and long-term outcome in dogs with chronic enteropathies or have utilized endoscopic evaluation to assess mucosal healing pre- and post-treatment in dogs with lymphocytic-plasmacytic gastroenteritis \[[@CR86], [@CR87]\]. The vast majority of dogs with IBD display endoscopic improvement after successful treatment. Thus, miR-192 and miR-223 could be useful for the evaluation of disease severity, prediction of flares, response to treatment and prognosis. However, more studies are needed to assess their clinical utility.

There are some limitations of the current study. Owners' denial to participate in the study was the main reason of the relatively limited number of IBD cases. Furthermore, we included only large intestinal IBD cases. miRs expressions in canine IBD affecting different segments of the GI tract or with other predominant cell type infiltration could be different than those observed in our study. Finally, miRs selection of our study was based on data from human literature without previously performing microarray analysis. Microarray analysis of all miRs would have been ideal, but is costly and was beyond the scope of the current study. This means that some key miRs in canine IBD may have been missed.

Conclusions {#Sec8}
===========

In conclusion, this is the first study describing the expression of a miRs panel in canine IBD. We demonstrate that dogs with large intestinal IBD have significant changes in miRs expression levels in the colonic mucosa and the serum. It was found that miR-16, miR-21, miR-122 and miR-147 expression had significantly increased relative expression, while miR-185, miR-192 and miR-223 expression were significantly decreased in the colonic mucosa and serum of dogs with large intestinal IBD compared to healthy controls. miR-146a expression increased significantly only in the serum of dogs with large intestinal IBD. These changes suggest that miRs are involved in the pathogenesis of IBD. Furthermore, serum miR-192 and miR-223 relative expression correlated to disease activity and endoscopic score, respectively. The results of this study may become the basis for further studies which will investigate miRs expression in canine IBD and other chronic enteropathies at diagnosis and in response to treatment.

Methods {#Sec9}
=======

Dogs and study design {#Sec10}
---------------------

Dogs with large intestinal IBD: 26 dogs presented or referred to Companion Animal Clinic, School of Veterinary Medicine, Aristotle University of Thessaloniki for investigation of large intestinal disease and were diagnosed with IBD. Inclusion criteria in order the dogs to be enrolled in the study were (1) history of chronic (\> 3 weeks) large intestinal disease (large intestinal diarrhea with mucus, hematochezia, tenesmus, and/or increased frequency of defecation) without any identifiable underlying cause, (2) histopathologic evidence of intestinal inflammatory cellular infiltration and (3) minor or no response to a 3-week dietary trial (novel or hydrolyzed protein diets). Exclusion criteria were (1) the presence of a concurrent disease and (2) administration of any medication for a 2-week period prior to presentation or referral. The experimental protocol was reviewed and approved by the ethics committee of the School of Veterinary Medicine, Aristotle University of Thessaloniki (58/ 29-9-2015). Owners provided informed written consent for enrollment of their dog to the study. All dogs underwent physical examination and diagnostic investigation to exclude other known causes of large intestinal diarrhea, i.e. complete blood count, routine serum biochemistry, serum folate and cobalamin concentrations, serum cPLI concentration (SNAP® cPL Test, IDEXX Laboratories, Westbrook, ME, USA), detection of Anti-Leishmania infantum antibodies in serum (Leishmania SNAP® Test, IDEXX Laboratories, Westbrook, ME, USA), detection of Anti-Anaplasma phagocytophilum/Anaplasma platys, − Borrelia burgdorferi, and - Ehrlichia canis antibodies and the Dirofilaria immitis antigen in serum (4DX SNAP® Test, IDEXX Laboratories, Westbrook, ME, USA), ACTH stimulation test, urinalysis, abdominal radiographic and ultrasonographic examination, parasitological and cytological examination of feces and SNAP® Giardia Test (IDEXX, Laboratories, Westbrook, ME, USA) for the detection of Giardia-specific cyst wall antigen in feces. Clinical disease activity was recorded for all dogs using the CCECAI \[[@CR86]\].

Healthy dogs (controls): 16 healthy adult dogs with no GI signs for at least 6 months prior to diagnostic evaluation were included in this study. The health status of the dogs was estimated by physical examination, complete blood count, routine serum biochemistry, urinalysis, and parasitological and cytological examination of feces, as well as determination of Anti-Leishmania infantum, Anti-Anaplasma phagocytophilum/Anaplasma platys, − Borrelia burgdorferi, and - Ehrlichia canis antibodies and Dirofilaria immitis antigen in serum. Colonoscopy and serum miR expression analysis was also performed. All dog owners provided informed written consent permitting enrollment of their dog into the study.

Sample collection {#Sec11}
-----------------

Dogs underwent colonoscopy under general anesthesia after recommended preparation. Colonoscopies were performed using a CF-140 L flexible video endoscope (Olympus®, Hamburg, Germany) and biopsy tissue specimens were collected from each of the 3 segments of the colon (ascending, transverse, and descending) using single-use multiple sample biopsy forceps (Multibite™; Boston Scientific, Marlborough, MA, USA). More specifically, we collected totally 13 biopsy specimens, 3 from each segment for histopathologic examination and 4 for miR expression analysis were collected. Endoscopic findings were graded using the quantitative assessment of mucosal appearance for endoscopic activity for canine IBD according to the system proposed by Slovak et al. (2015) \[[@CR88]\]. Three endoscopic parameters (friability, granularity and erosions) were scored (0, absent; 1, mild-to-moderate; 2, moderate-to-severe) in each case; the maximum total score was that of 6.

Venous blood samples for miR determination were obtained from all study dogs. Serum was separated within 30 min and stored at − 80 °C until miR analysis.

Biopsy specimens were fixed in 10% neutral buffered formalin for 48 h, paraffin- embedded, sectioned at 3--4 μm, stained with H&E, examined histologically and graded according to the World Small Animal Veterinary Association (WSAVA) GI histopathologic guidelines \[[@CR89]\]. Histopathologic examination of biopsy specimens was performed by a single pathologist (GDB) blinded as to the health status of the dog.

RNA isolation, complementary DNA synthesis, and quantification {#Sec12}
--------------------------------------------------------------

Total RNA from colonic mucosa biopsies and serum was isolated using TriZol method. The expression patterns of selected miRs and a housekeeping gene, U6sn, were quantitatively assayed using reverse transcription (RT) and real-time reverse transcription polymerase chain reaction (RT-PCR). Stem-loop complementary DNAs (cDNAs) were synthesized using looped reverse transcription primers specific for each miR. In real-time PCR assays, forward primers specific for each cDNA and a reverse primer universal for all cDNAs were used. The expression of miR-16, miR-21, miR-122, miR146a, miR147, miR-185, miR-192 and miR-223 were examined. All samples were analyzed twice to confirm reproducibility.

Data normalization {#Sec13}
------------------

miR-16, miR-21, miR-122, miR-146a, miR-147, miR-185, miR-192 and miR-223 and U6sn were reliably amplified in tested samples. Amplified miRs showed specific melting temperature, confirming the accuracy and specificity of the method used. Real-time quantitative RT-PCR was conducted on an ABI Prism 7700 apparatus (Applied Biosystems™, Foster City, CA, USA). Data were analyzed with the ABI Prism 7700 SDS software (Applied Biosystems™, Foster City, CA, USA). The expression of each miR was normalized to U6sn RNA internal control. The levels of miRs expression were normalized after subtracting the Ct value of the U6sn RNA internal control from that of each miR Ct value for samples (ΔCt = \|C~tmiR~ (samples) − C~tU6sn~\|). The relative mRNA expression level of each miR (in arbitrary units- AU) was calculated by dividing the expression level by the mean value in control samples; the latter was considered equal to 1.

Statistical analysis {#Sec14}
--------------------

Statistical analysis was performed using IBM SPSS 19 software program (USA, Chicago, Illinois). Mann--Whitney U test or T- test was performed to compare differences in miRs levels between dogs with large intestinal IBD and healthy control dogs. Correlations of miRs expression with CCECAI score, canine IBD quantitative endoscopic activity and histopathologic score, as well as correlation of colonic mucosal miRs expression with serum miRs expression of dogs with large intestinal IBD were also statistically analyzed using Spearman's correlation coefficient test. *P* values of \< 0.05 were considered significant.
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**Additional file 1: Table S1.** Correlations of the relative expression of miR-16, miR-21, miR-122, miR-146a, miR-147, miR-185, miR-192 and miR-223 in the serum (*n* = 21) and the colonic mucosa (*n* = 26) with inflammatory and morphologic histopathologic features score according to the World Small Animal Veterinary Association (WSAVA) GI Standardization Group guidelines in defining inflammation involving the colon of dogs with large intestinal inflammatory bowel disease (IBD). LP = lamina propria, miR = microRNA. **Additional file 2: Table S2.** Correlations of the relative expression of miR-16, miR-21, miR-122, miR-146a, miR-147, miR-185, miR-192 and miR-223 in the serum (*n* = 21) and the colonic mucosa (*n* = 26) with CCECAI and colonoscopy score of dogs with large intestinal inflammatory bowel disease (IBD). CCECAI = canine chronic enteropathy clinical activity index, miR = microRNA.

Bcl-2

:   B- cell leukemia- lymphoma 2

CCECAI

:   Canine chronic enteropathy clinical activity index

CD

:   Crohn's disease

cDNA

:   Complementary DNA

CIBDAI

:   Canine inflammatory bowel disease activity index

CXCL3

:   C-X-C motif ligand 3

CXCL8

:   C-X-C motif ligand 8

DSS

:   Dextran sulfate sodium

GI

:   Gastrointestinal

IBD

:   Inflammatory bowel disease

IFN-γ

:   Interferon gamma

MIP-2a

:   Macrophage inflammatory peptide-2 alpha

miR

:   microRNAs

mRNA

:   MessengerRNA

NF-kB

:   Nuclear factor- kB

PCR

:   Polymerace chain reaction

RT-PCR

:   Reverse transcription polymerase chain reaction

Tfc

:   T follicular helper cells

Tfh

:   T follicular helper cells

Th1

:   T helper 1 cells

Th17

:   T helper 17 cells

TLR

:   Toll-like receptor

TNF-α

:   Tumor necrosis factor- alpha

Treg

:   Regulatory T cells

UC

:   Ulcerative colitis
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